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DESCRIPTION 

OFDM COMMUNICATION APPARATUS AND PROPAGATION PATH 

" ESTIMATION METHOD " — - 



Technical Field 

The present invention relates to an OFDM 
communication apparatus and propagation path estimation 
method in a digital radio communication system. 

Background Art 

A main factor of deterioration of transmission 
characteristics of surface waves along a transmission 
path is multi-path interference. An OFDM (Orthogonal 
Frequency Division Multiplexing) transmission system 
resistant to this multi-path interference is becoming 
a focus of attention in recent years . This OFDM is a system 
of multiplexing a multitude (several tens to several 
hundreds ) of mutually orthogonal digital modulated waves 
in a certain signal section. 

A conventional OFDM communication apparatus 
performs time-frequency conversion on a reception signal 
through an FFT circuit, carries out a complex 
multiplication of pilot symbols contained in the 
reception signal with known signals, and thereby obtains 
a frequency response estimation value of the propagation 
path. Then, the conventional OFDM communication 
apparatus carries out a complex multiplication of the 
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frequency response estimation value with information OFDM 
symbols, and thereby compensates for propagation path 
distortion. This reception signal compensated for 
propagation path distortion is subjected to demodulation 
5 and error correction by an error correction circuit to 
obtain an information symbol string, which is reception 
data . 

When long information is transmitted by the 
conventional OFDM communication apparatus above as shown 

10 in FIG.l, propagation path response estimation pilot 
symbols (hatching area) are inserted at predetermined 
intervals in information OFDM symbols to follow 
variations in momentarily changing propagation path 
responses- That is, as shown in FIG. 2, information OFDM 

15 symbols 1 to n are compensated using a propagation path 
estimation value obtained with pilot symbol A and 
information OFDM symbols n+1 to 2n are compensated using 
a propagation path estimation value obtained with pilot 
symbol B. 

20 However, in the case where such long information 

is transmitted, there is a problem that it is necessary 
to frequently insert known signals such as pilot symbols 
in order t.o follow time-variations of the propagation 
path, which reduces the transmission efficiency. 

25 

Disclosure of Invention 

It is an object of the present invention to provide 
an OFDM communication apparatus and propagation path 
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estimation method capable of adaptively following 
time-variations of the transmission path and improving 
reception characteristics without reducing the 
transmission efficiency even when there are great 
5 time-variations in propagation path responses. 

An essence of the present invention consists in 
implementing excellent reception characteristics by 
adaptively estimating propagation path responses using 
a decision value of a reception signal, that is, using 
10 a decision value of a received information signal as a 
known signal without frequently inserting propagation 
path estimation pilot symbols or without reducing the 
transmission efficiency even when long information is 
transmitted . 

15 

Brief Description of Drawings 

FIG. 1 illustrates a symbol configuration used in 
a conventional propagation path estimation method; 

FIG. 2 is a diagram to explain the conventional 
20 propagation path estimation method; 

FIG. 3 is a block diagram showing a configuration 
of an OFDM communication apparatus according to 
Embodiment 1 of the present invention; 

FIG. 4 is a block diagram showing an internal 
25 configuration of a propagation path 

estimation/compensation circuit of the OFDM 
communication apparatus according to Embodiment 1 of the 
present invention; 
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FIG. 5 is a block diagram showing an internal 
configuration of the propagation path estimation value 
update circuit shown in FIG. 4; 

FIG. 6 illustrates a symbol configuration used in 
5 the propagation path estimation method according to the 
present invention; 

FIG. 7 is a diagram to explain the propagation path 
estimation method according to the present invention; 

FIG. 8 is a block diagram showing an internal 
10 configuration of a propagation path estimation value 
update circuit in a propagation path 
estimation/compensation circuit of the OFDM 
communication apparatus according to Embodiment 2 of the 
present invention; 
15 FIG. 9 is a block diagram showing an internal 

configuration of a propagation path estimation value 
update circuit in a propagation path 

estimation/compensation circuit of an OFDM communication 
apparatus according to Embodiment 3 of the present 
20 invention; 

FIG. 10 is a block diagram showing an internal 
configuration of a propagation path estimation value 
update circuit in a propagation path 

estimation/compensation circuit of an OFDM communication 
25 apparatus according to Embodiment 4 of the present 
invention ; 

FIG. 11 is a block diagram showing an internal 
configuration of the propagation path estimation value 
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update circuit in the propagation path 
estimation/compensation circuit of the OFDM 
communication apparatus according to Embodiment 4 of the 
present invention; 
5 FIG. 12 is a block diagram showing an internal 

configuration of a propagation path 

estimation/compensation circuit of an OFDM communication 
apparatus according to Embodiment 5 of the present 
invention ; 

10 FIG. 13 is a block diagram showing an internal 

configuration of a propagation path estimation value 
update circuit in the propagation path 
estimation/compensation circuit of the OFDM 
communication apparatus according to Embodiment 5 of the 

15 present invention; 

FIG. 14 is a block diagram showing an internal 
configuration of a propagation path estimation value 
update circuit in a propagation path 

estimation/compensation circuit of an OFDM communication 
20 apparatus according to Embodiment 6 of the present 
invention ; 

FIG. 15 is a block diagram showing an internal 
configuration of a propagation path estimation value 
update circuit in a propagation path 
25 estimation/compensation circuit of an OFDM communication 
apparatus according to Embodiment 7 of the present 
invention; and 

FIG. 16 is a block diagram showing an internal 



,., Lj! S:iE!7CS2 



6 

configuration of the propagation path estimation value 
update circuit in the propagation path 
estimation/compensation circuit of the OFDM 
communication apparatus according to Embodiment 7 of the 
5 present invention- 
Best Mode for Carrying out the Invention 

With reference now to the attached drawings, 
10 embodiments of the present invention will be explained 
in detail below. 

(Embodiment 1) 

FIG. 3 is a block diagram showing a configuration 

15 of an OFDM communication apparatus according to 

Embodiment 1 of the present invention. A signal used in 
OFDM communication has a configuration as shown in FIG. 6 . 
That is, the signal is configured by a preamble other 
than pilot symbol followed by a propagation path response 

20 estimation pilot symbol, which is a known signal, and 
information OFDM symbols. Thus, a propagation path 
estimation pilot symbol is added only at the beginning 
of the information symbols to be transmitted. 

An OFDM signal received via antenna 101 is subjected 

25 to normal radio reception processing by radio reception 
circuit 102 and becomes a baseband signal. This baseband 
signal is subjected to quasi-coherent detection 
processing by a coherent detector, stripped of an 
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unnecessary frequency component by a low-pass filter and 
A/D-converted . As a result of coherent detection 
processing, the reception signal is divided into an 
in-phase component and quadrature component, but these 
5 are only expressed as one signal route in the drawing. 

This baseband signal is subjected to an FFT (Fast 
Fourier Transform) calculation by FFT circuit 103 and 
transformed to signals assigned to different subcarriers . 
The signal subjected to the FFT calculation by FFT section 

10 103 is sent to propagation path estimation/compensation 
circuit 104, which carries out a complex multiplication 
of a pilot symbol with a known signal included in the 
reception OFDM signal, thereby carries out a propagation 
path estimation and obtains a first propagation path 

15 estimation value (initial value). 

Propagation path estimation/compensation circuit 
104 successively performs propagation path distortion 
compensation of information OFDM symbols using the first 
propagation path estimation value for every OFDM symbol. 

20 The information symbols compensated for propagation path 
distortion are successively sent to error correction 
circuit 105 where errors are corrected. Error correction 
circuit 105 outputs an information symbol string, which 
has been subjected to error correction in units of 

25 transmission path coding. This information symbol 

string is sent to error detection circuit 106 where the 
information symbol string is subjected to error detection 
and output as reception data. 
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The information symbol string compensated for 
propagation path distortion is sent to hard decision 
circuit 107. Hard decision circuit 107 performs hard 
decision processing on the information symbols 
5 compensated for propagation path distortion. That is, 
signal points of information symbols during transmission 
are subjected to a hard decision. The information symbol 
string subjected to this hard decision is sent to 
propagation path estimation/compensation circuit 104. 

10 Propagation path estimation/compensation circuit 104 
uses these hard decision information symbols as known 
signals, carries out a complex multiplication with 
FFT-calculated signals and thereby carries out a 
propagation path estimation and obtains a propagation 

15 path est imat ion value . This propagation path estimation 
value is updated to a first propagation path estimation 
value . 

This new propagation path estimation value is 
subjected to a complex multiplication with information 

20 OFDM symbols and thereby propagation path distortion 
compensation is carried out. The reception signal 
compensated for propagation path distortion is sent to 
error correction circuit 105 where errors are corrected. 
The information symbol string output from error 

25 correction circuit 105 is sent to error detection circuit 
106 where the information symbol string is subjected to 
error detection and output as reception data. 

By the way, a propagation path estimation value can 
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be updated for every information symbol or for every 
plurality of information symbols. When a propagation 
path estimation value is updated for every plurality of 
information symbols, it is possible to provide a switch, 
5 etc. after error correction circuit 105 to switch between 
the output to hard decision circuit 107 and the output 
to detection circuit 106 through a control signal. 

On the other hand, an information signal, which is 
transmission data for every subcarrier, is subjected to 

10 digital modulation processing with QPSK ( Quadrature Phase 
Shift Keying) or QAM (Quadrature Amplitude Modulation) , 
etc. by a modulation section, which is not shown in the 
drawing, and then subjected to an IFFT (Inverse Fast 
Fourier Transform) calculation by IFFT circuit 108 and 

15 becomes an OFDM s ignal . This OFDM s ignal is D/A-converted 
and then sent to radio transmission circuit 109 where 
the OFDM signal is subjected to radio transmission 
processing and then transmitted as a transmission signal 
via antenna 101. 

20 Then, the operation of the OFDM communication 

apparatus in the above configuration will be explained. 

The OFDM s ignal received via antenna 101 is subjected 
to normal radio reception processing by radio reception 
circuit 102, becomes a baseband signal and is subjected 

25 to an FFT calculation by FFT circuit 103 and transformed 
to signals assigned to different subcarriers . 

This signal is sent to propagation path 
estimation /compensation circuit 1 04 . As shown in FIG . 4 , 
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propagation path estimation/compensation circuit 104 
includes register 201 that stores the output from FFT 
circuit 103, multiplier 203 that carries out a complex 
multiplication of this FFT output with a known signal 
5 or the output from hard decision circuit 107, propagation 
path estimation value update circuit 204 that stores a 
propagation path estimation value, which is the output 
from multiplier 203, and updates to a new propagation 
path estimation value and multiplier 202 that carries 

10 out a complex multiplication of the propagation path 
estimation value with FFT output. 

Propagation path estimation/compensation circuit 
104 also includes switch 205 to switch between multiplier 
203 and multiplier 202 to which the FFT output is output, 

15 switch 206 to switch between the output from FFT circuit 
103 and the FFT output stored in register 201 to be output 
to multiplier 203 and switch 207 to switch between a known 
signal or the output from hard decision circuit 107 to 
be output to multiplier 203. 

20 Furthermore, propagation path estimation value 

update circuit 204 has register 301 as shown in FIG. 5. 

First, propagation path estimation/compensation is 
performed using a pilot symbol. A signal sent to 
propagation path estimation/compensation circuit 104, 

25 that is, FFT output is sent to multiplier 203 first and 
multiplier 203 carries out a complex multiplication of 
a pilot symbol of the FFT output with a known signal. 
Thus, a first propagation path estimation value (initial 
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value) is obtained. At this time, switches 205 to 207 
are set so that the FFT output and known signal are input 
to multiplier 203. This propagation path estimation 
value is stored in register 301 of propagation path 
5 estimation value update circuit 204. 

On the other hand, this propagation estimation value 
is sent to multiplier 202 and multiplier 202 multiplies 
the propagation estimation value by information symbols 
of the FFT output. In this way, the information symbols 
10 are compensated for propagation path distortion. The 
information symbols compensated for propagation path 
distortion in this way are sent to error correction circuit 
105 . 

The information symbols compensated for 
15 propagation path distortion are sent to error correction 
circuit 105, subjected there to error correction and then 
sent to error detection circuit 106 where the information 
symbols are subjected to error detection and output as 
reception data. 
20 Furthermore, the information symbols compensated 

for propagation path distortion are sent to hard decision 
circuit 107 where signal points of the information symbols 
during transmission are decided and the result of this 
signal point decision is sent to propagation path 
25 estimation/compensation circuit 104. That is, the 

information symbols subjected to a hard decision in this 
way are sent to multiplier 203 of on propagation path 
estimation/compensation circuit 1 04 . Then, propagation 
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path estimation/compensation is performed using this 
information symbols subjected to a hard decision. 
Propagation path estimation/compensation circuit 104 
uses these hard decision information symbols instead of 
5 a known signal and carries out a complex multiplication 
of these hard decision information symbols with the FFT 
output . At this time, the FFT output is stored in register 
201. In this case, switches 205 to 207 are set so that 
the FFT output stored in register 201 and the hard decision 

10 output are output to multiplier 203. 

In this way, a propagation path estimation value 
is obtained through a complex multiplication of the hard 
decision information symbols with FFT output. This 
propagation path estimation value is sent to propagation 

15 path estimation value update circuit 204. Then, the 
propagation path estimation value ( initial value ) stored 
in register 301 of propagation path estimation value 
update circuit 204 is updated using this propagation path 
estimation value. 

20 Moreover, the updated propagation path estimation 

value is sent to multiplier 202 and multiplier 202 
multiplies the updated propagation path estimation value 
by the information symbols of the FFT output. In this 
way, the information symbols are compensated for 

25 propagation path distortion. The information symbols 
compensated for propagation path distortion in this way 
are sent to error correction circuit 105. 

The information symbols compensated for propagation 
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path distortion are sent to error correction circuit 105 
and subjected to error correction and then sent to error 
detection circuit 106, subjected there to error 
correction and output as reception data. 
5 In such a propagation path estimation method, as 

shown in FIG. 7 , information symbols 1 to n are compensated 
for propagation path distortion using a propagation path 
estimation value (X) obtained with a pilot symbol 
(hatching area) and information symbols n+1 to 2n are 

10 compensated for propagation path distortion using a 

propagation path estimation value (Y) obtained by using 
the hard decision outputs of information symbols 1 to 
n as known signals and information symbols 2n+l to 3n 
are compensated for propagation path distortion using 

15 the propagation path estimation value (Y) obtained by 
using the hard decision outputs of information symbols 
n+1 to 2n as known signals. Therefore, even when long 
information is sent, it is possible to estimate 
propagation path responses without inserting pilot 

20 symbols between information OFDM symbols consecutively 
transmitted, thus achieving excellent reception 
characteristics without reducing the transmission 
efficiency . 

Furthermore, when the hard decision output of an 
25 information symbol is used as a known signal, it is also 
possible to obtain quality information about a plurality 
of information symbols, input the quality information 
to propagation path estimation value update circuit 204 
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and decide which information symbol hard decision output 
is appropriate as a known signal for calculation of a 
propagation path estimation value. This makes it 
possible to obtain an optimal propagation path estimation 
value and carry out appropriate propagation path 
distortion compensation for information symbols. 
Therefore, even when long information is sent or when 
there is a large time-variation in propagation path 
responses, it is possible to adaptively follow 
time-variations of the transmission path and maintain 
a low error rate without reducing the transmission 
efficiency . 

(Embodiment 2) 

The OFDM communication apparatus according to this 
embodiment updates a propagation path estimation value 
through propagation path estimation value update circuit 
204 using both propagation path estimation values 
obtained using information symbols after a hard decision 
and past propagation path estimation values . 

Since the configuration of the OFDM communication 
apparatus according to this embodiment is the same as 
that of Embodiment 1 except the propagation path 
estimation value update circuit, the propagation path 
estimation value update circuit will be explained. 

FIG. 8 is a block diagram showing an internal 
configuration of the propagation path estimation value 
update circuit in the propagation path 
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estimation/compensation circuit of the OFDM 
communication apparatus according to Embodiment 2 of the 
present invention. This propagation path estimation 
value update circuit includes register 601 that stores 
propagation path estimation values and outputs these 
propagation path estimation values to multiplier 202, 
multipliers 603 and 604 that multiply the propagation 
path estimation values stored in register 601 by weighting 
factors, adder 605 that adds upthe multiplication results 
of multipliers 603 and 604 and per-subcarrier factor 
selection section 602 that selects weighting factors of 
the output of multiplier 203 and past propagation path 
estimation values stored in register 601 using a control 
s ignal . 

The propagation path estimation value update 
circuit shown in FIG. 8 updates a propagation path 
estimation value using both propagation path estimation 
values obtained using information symbols after a hard 
decision and past propagation path estimation values and 
the propagation path estimation value to be updated 
follows expression (1), for example. 

(Estimation value to be updated) = WX (output of 
multiplier 203 ) + ( 1 -W ) X ( immediately preceding 
estimation value) ••• Expression (1) 

where, W denotes a weighting factor and is given 
by per-subcarrier factor selection section 602. 
Per-subcarrier factor selection section 602 provides a 
weighting factor for every subcarrier based on past 
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propagation path response estimation values . 
Per- subcarr ier factor selection section 602 selects 
preset weighting factors according to a control signal 
based on information such as channel quality . By the way, 
5 a same weighting factor can also be used in all cases . 

More specifically, propagation path estimation 
value update c ircuit 2 0 4 outputs a past (here, immediately 
preceding) propagation path estimation value from 
register 601 to multiplier 604. On the other hand, a 
10 propagation path estimation value (output of multiplier 
203 ) obtained using the current information symbol after 
a hard decision as a known signal is output to multiplier 
603 . 

According to a control signal based on information 
15 such as channel quality, per-subcarr ier factor selection 
section 602 selects a weighting factor (W) to be multiplied 
on the current propagation path estimation value and past 
propagation path estimation value and outputs the 
weighting factor for the current propagation path 
20 estimation value to multiplier 603 and the weighting 
factor for the past propagation path estimation value 
to multiplier 604. 

Multipliers 603 and 604 each assign weights to the 
current propagation path estimation value and past 
25 propagation path estimation value, and output these 

results to adder 605 . Adder 605 adds up the respective 
weighted propagation path estimation values and 
calculates a propagation path estimation value to be 
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updated. Then, the calculated propagation path 
estimation values are sent to register 601 and the 
propagation path estimation values stored in the register 
are updated. 

5 According to this embodiment, new propagation path 

estimation values are obtained using also past 
propagation path response estimation values, and 
therefore it is possible to obtain high estimation 
accuracy using these propagation path estimation values 
10 and carry out propagation path distortion compensation 
for information symbols more accurately. 

(Embodiment 3) 

The OFDM communication apparatus according to this 

15 embodiment adds processing of averaging propagation path 
estimation values corresponding to n symbols using 
information symbols after a hard decision. 

Since the configuration of the OFDM communication 
apparatus according to this embodiment is the same as 

20 that of Embodiment 1 except the propagation path 

estimation value update circuit, the propagation path 
estimation value update circuit will be explained. 

FIG. 9 is a block diagram showing an internal 
configuration of the propagation path estimation value 

25 update circuit in the propagation path 

estimation/compensation circuit of the OFDM 
communication apparatus according to Embodiment 3 of the 
present invention. This propagation path estimation 
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value update circuit includes register 701 that stores 
propagation path estimation values and outputs these 
propagation path estimation values to multiplier 202 and 
averaging section 702 that averages propagation path 
estimation values obtained using information symbols 
after a hard decision for n symbols. Furthermore, the 
propagation path estimation value update circuit also 
includes switch 703 that selects whether the propagation 
path estimation value (output of multiplier 203) is 
directly output to register 701 or output to averaging 
section 702. 

In this configuration, in the case where a 
propagation path estimation value is obtained using a 
pilot symbol, switch 703 is set so that the output of 
multiplier 203 is sent to register 701 and the propagation 
path estimation value is sent to register 701 and stored 
in register 701. On the other hand, in the case where 
a propagation path estimation value is obtained using 
information symbols after a hard decision, switch 703 
is set so that the output of multiplier 203 is sent to 
averaging section 702, the propagation path estimation 
values are sent to averaging section 702 where propagation 
path estimation values corresponding to n symbols are 
averaged. The averaged propagation path estimation 
value is sent to register 701 and the propagation path 
estimation value stored in register 701 is updated. In 
the case where the amplitude of a transmission signal 
contains information such as multi-value QAM, averaging 
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section 702 can also be configured so as not to include 
values of signal points having a small amplitude in 
averaging and thereby further reduce deterioration by- 
additive noise. 

This embodiment averages newly obta ined propagat ion 
path estimation values for a plurality of symbols, and 
therefore can reduce estimation errors due to additive 
noise. Using these propagation path estimation values 
makes it possible to achieve higher estimation accuracy 
and carry out a propagation path distortion compensation 
for information symbols more accurately. 

(Embodiment 4) 

The OFDM communication apparatus according to this 
15 embodiment adds processing of averaging propagation path 
estimation values for n symbols through propagation path 
estimation value update circuit 204 by using information 
symbols after a hard decision and updates propagation 
path estimation values using both averaged propagation 
20 path estimation values and past propagation path 
estimation values. 

Since the configuration of the OFDM communication 
apparatus according to this embodiment is the same as 
that of Embodiment 1 except the propagation path 
25 estimation value update circuit, the propagation path 
estimation value update circuit will be explained. 

FIG. 10 is a block diagram showing an internal 
configuration of the propagation path estimation value 
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update circuit in the propagation path 
estimation/compensation circuit of the OFDM 
communication apparatus according to Embodiment 4 of the 
present invention. This propagation path estimation 
5 value update circuit includes register 801 that stores 
propagation path estimation values and outputs these 
propagation path estimation values to multiplier 202, 
multipliers 803 and 804 that multiply the propagation 
path estimation values stored in register 801 by weighting 

10 factors, adder 8 05 that adds up the multiplication results 
of multipliers 803 and 804, per-subcarr ier factor 
selection section 802 that selects weighting factors of 
the output of multiplier 203 and past propagation path 
estimation values stored in register 801 using a control 

15 signal and averaging section 806 that averages 

propagation path estimation values obtained using 
information symbols after a hard decision for n symbols. 
Furthermore , the propagation path estimation value update 
circuit also includes switch 807 that selects whether 

20 the propagation path estimation value (output of 

multiplier 203) is directly output to register 803 or 
output to averaging section 806 and then output to 
multiplier 803 . 

The propagation path estimation value update 

25 circuit shown in FIG. 10 averages propagation path 

estimation values obtained using information symbols 
after a hard decision for n symbols and updates a 
propagation path estimation value using both the averaged 
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propagation path estimation values and past propagation 
path estimation values and the propagation path 
estimation value to be updated follows expression (2), 
for example. 

(Estimation value to be updated) = WX (output of 
averaging circuit) + ( 1 -W ) X ( immediately preceding 
estimation value) ••• Expression (2) 

where, W denotes a weighting factor and is given 
by per-subcarr ier factor selection section 802. 
Per-subcarr ier factor selection section 802 provides a 
weighting factor for every subcarrier based on past 
propagation path response estimation values . 
Per-subcarr ier factor selection section 802 selects 
preset weighting factors according to a control signal 
based on information such as channel quality . By the way, 
a same weighting factor can also be used in all cases. 

More specifically, propagation path estimation 
value update circuit 2 04 outputs a past (here, immediately 
preceding) propagation path estimation value from 
register 801 to multiplier 804. 

On the other hand, in the case where a propagation 
path estimation value is obtained using a pilot symbol, 
switch 807 is set so that the output of multiplier 203 
is sent to multiplier 803 and the propagation path 
estimation value is sent to multiplier 803 and a weighting 
factor is multiplied by multiplier 803 . On the other hand , 
in the case where a propagation path estimation value 
is obtained using information symbols after a hard 
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decision, switch 807 is setsothattheoutput of multiplier 
203 is sent to averaging section 806, the propagation 
path estimation values are sent to averaging section 806 
where propagation path estimation values corresponding 
5 to n symbols are averaged . The averaged propagation path 
estimation value is sent to multiplier 803 and a weighting 
factor is multiplied by multiplier 803. 

At this time, according to a control signal based 
on information such as channel quality, per-subcarr ier 

10 factor selection section 802 selects weighting factors 
(W) to be multiplied on the current propagation path 
estimation value and past propagation path estimation 
values and outputs the weighting factor for the average 
output of the current propagation path estimation value 

15 to multiplier 803 and weighting factor for the past 
propagation path estimation value to multiplier 804. 

Multipliers 803 and 804 assign weights to the average 
output of the current propagation path estimation values 
and past propagation path estimation values , respectively , 

20 and output these results to adder 805. Adder 805 adds 
up the respective weighted propagation path estimation 
values and calculates a propagation path estimation value 
to be updated. Then, the calculated propagation path 
estimation value is sent to register 801 and the 

25 propagation path estimation values stored in the register 
are updated. In the case where the amplitude of a 
transmission signal contains information such as 
multi-value QAM, averaging section 806 can be configured 
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so as not to include values of signal points having a 
small amplitude in averaging and thereby further reduce 
deterioration by additive noise. 

This embodiment averages newly obtained propagation 
5 path estimation values for a plurality of symbols, and 
thereby can reduce estimation errors due to additive noise 
Moreover, new propagation path estimation values are 
obtained also using past propagation path response 
estimation values, and therefore it is possible to obtain 

10 higher estimation accuracy. As a result, it is possible 
to carry out propagation path distortion compensation 
for information symbols more accurately. 

In this embodiment, it is also possible to enter 
a CRC (Cyclic Redundancy Check) result to per-subcarrier 

15 factor selection section 802 as external quality 

information as shown in FIG. 11. This is intended to set 
so that averaged blocks including information symbols 
in which errors have been detected as a result of the 
CRC are not used as the averaging output. At this time, 

20 weighting factor W in expression (2) above becomes 0. 

Thus, applying external quality information to 
selection of weighting factors makes it possible to reduce 
estimation errors due to bit errors and achieve drastic 
improvement in the estimation accuracy. 

25 

( Embodiment 5 ) 

The OFDM communication apparatus according to this 
embodiment uses signals compensated for propagation path 
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distortion as information OFDM symbols stored to be used 
for successive propagation path estimations. More 
specifically, the OFDM communication apparatus according 
to this embodiment calculates a difference between an 
5 information OFDM symbol compensated for propagation path 
distortion stored in a register and a hard decision output 
and updates the past propagation path estimation value 
by an amount corresponding to the difference. 

Since the configuration of the OFDM communication 

10 apparatus according to this embodiment is the same as 
that of Embodiment 1 except the propagation path 
estimation/compensation circuit, the propagation path 
estimation/compensation circuit will be explained. 

FIG. 12 is a block diagram showing an internal 

15 configuration of the propagation path 

estimation/compensation circuit of the OFDM 
communication apparatus according to Embodiment 5 of the 
present invention. 

The propagation path estimation/compensation 

20 circuit 104 includes multiplier 1001 that carries out 
a complex multiplication of the output from FFT circuit 
103 (FFT output) with a known signal, propagation path 
estimation value update circuit 1002 that stores the 
output of multiplier 1001, that is, a propagation path 

25 estimation value and updates the propagation path 

estimation value to a new propagation path estimation 
value, multiplier 1003 that carries out a complex 
multiplication of the output from propagation path 
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estimation value update section 1002 with the FFT output, 
register 1004 that stores information symbols compensated 
for propagation path distortion, which is the output of 
multiplier 1003 and subtractors 1005 and 1006 that 
5 calculates a difference between the information symbol 
after propagation path distortion compensation and the 
output of hard decision circuit 107. Moreover, 
propagation path estimation/compensation circuit 104 
also includes switches 1007 and 1008 to select multiplier 

10 1003 or multiplier 10 01 to which the FFT output is output . 
Here, the FFT output , known s ignal and hard dec is ion output 
are expressed with I components and Q components. 

As shown in FIG. 13 , this propagation path estimation 
value update circuit 1002 includes registers 1101 and 

15 1102 that store a propagation path estimation value 

(output of multiplier 1001) and output the propagation 
path estimation valueto adders 1103 and 1104, multipliers 
1105 and 1106 that multiply the outputs of subtractors 
1005 and 1006 by weighting factors, adders 1103 and 1104 

20 that add up the multiplication results of multipliers 
1105 and 1106 and the propagation path estimation values 
stored in registers 1101 and 1102 . Moreover , propagation 
path estimation value update circuit 1002 also includes 
switches 1107 and 1108 to select registers 1101, 1102 

25 or adders 1103 and 1104 to which the output of multiplier 
1001 is output. 

The operation of the OFDM communication apparatus 
in the above configuration will be explained. The signal 
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sent to propagation path estimation/compensation circuit 
104, that is, FFT output, is sent to multiplier 1001 first 
and multiplier 1001 carries out a complex multiplication 
of the I component and Q component of the FFT output with 
5 the I component and Q component of a known signal. In 
this way , a propagation path estimation value is obtained. 
At this time, switches 1007 and 1008 are set so that the 
FFT output and known signal are input to multiplier 1001. 
This propagation path estimation value is stored in 

10 registers 1101 and 1102 of propagation path estimation 
value update circuit 1002. At this time, switches 1107 
and 1108 of propagation path estimation value update 
circuit 1002 are set so that the output of multiplier 
1001 is sent to registers 1101 and 1102. 

15 Moreover, this propagation path estimation value 

is sent to multiplier 1003 and multiplier 1003 carries 
out a complex multiplication of the I component and Q 
component of the FFT output with the I component and Q 
component of the information symbol. In this way, the 

20 information symbol is compensated for propagation path 
distortion. The information symbol compensated for 
propagation path distortion in this way is sent to error 
correction circuit 105. Furthermore, the information 
symbol compensated for propagation path distortion is 

25 stored in register 1004. 

The information symbol compensated for propagation 
path distortion is sent to error correction circuit 105, 
subjected there to error correction and then sent to error 
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detection circuit 106, subjected there to error detection 
and output as reception data. 

Furthermore, the information symbols compensated 
for propagation path distortion are sent to hard decision 
5 circuit 107 where signal points of the information symbols 
during transmission are decided and the result of this 
signal point decision is sent to propagation path 
estimation/compensation circuit 104. That is, the I 
component of the hard-decided information symbol string 

10 is sent to subtractor 1005 of propagation path 

estimation/compensation circuit 104 and the Q component 
is sent to subtractor 1006 of propagation path 
estimation/compensation circuit 104. 

Subtractor 1005 calculates a difference between the 

15 I component of the hard-decided information symbol string 
and the I component of the information symbol compensated 
for propagation path distortion stored in the register 
and this difference value is input to multiplier 1105 
of propagation path estimation value update circuit 1002 . 

20 Subtractor 1006 calculates a difference between the 

Q component of the hard-decided information symbol string 
and the Q component of the information symbol compensated 
for propagation path distortion stored in the register 
and this difference value is input to multiplier 1106 

25 of propagation path estimation value update circuit 1002 . 

Multipliers 1105 and 1106 multiply the difference 
values by weighting factors (0<W^1). Thus , mult iplying 
by weighting factor W reduces the difference values, 
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preventing influences by large estimation errors. This 
weighting coefficient W can be fixed or changed according 
to the channel condition as appropriate. 

The difference values with weighting factor W 
5 multiplied are sent to adders 1103 and 1104. Adder 1103 
adds up the I components of the difference values and 
the I components of the propagation path estimation values 
(output of multiplier 1001) and adder 1104 adds up the 
Q components of the difference values and the Q components 

10 of the propagation path estimation values (output of 
multiplier 1001) to produce a new propagation path 
estimation value. This new propagation path estimation 
value is sent to registers 1101 and 1102, updated and 
sent to multiplier 1003 of propagation path 

15 estimation/compensation circuit 104. 

Multiplier 1003 carries out a complex 
multiplication of the I component and Q component of the 
information symbol of the FFT output with the I component 
and Q component of the propagation path estimation value. 

20 In this way, the information symbol is compensated for 
propagation path distortion. The information symbol 
compensated for propagation path distortion in this way 
is sent to error correction circuit 105. 

The information symbol compensated for propagation 

25 path distortion is sent to error correction circuit 105, 
subjected there to error correction and then sent to error 
detection circuit 106, subjected there to error detection 
and output as reception data. 
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As shown above, this embodiment allows propagation 
path responses to be estimated without inserting pilot 
symbols between information OFDM symbols consecutively 
transmitted, making it possible to obtain excellent 
5 reception characteristics without reducing the 

transmission efficiency. Moreover, even if there is a 
residual phase error, this embodiment only corrects the 
difference while compensating the residual phase error, 
and therefore can reduce deterioration of the estimation 
10 accuracy due to the residual phase error. 

(Embodiment 6) 

The OFDM communication apparatus according to this 
embodiment includes propagation path estimation value 
15 update circuit 1002 that adopts variable weighting 

factors using past propagation path estimation values 
as quality information. 

Since the configuration of the OFDM communication 
apparatus according to this embodiment is the same as 
20 that of Embodiment 5 except the propagation path 

estimation value update circuit, the propagation path 
estimation value update circuit will be explained. 

FIG. 14 is a block diagram showing an internal 
configuration of the propagation path estimation value 
25 update circuit of the OFDM communication apparatus 
according to Embodiment 6 of the present invention. 

This propagation path estimation value update 
circuit 1002 includes registers 1201 and 1202 that store 



propagation path estimation values (output of multiplier 
1001 ) and output these propagation path estimation values 
to adders 1204 and 1205, multipliers 1206 and 1207 that 
multiply the outputs of subtractors 1005 and 1006 by 
5 weighting factors, adders 1204 and 1205 that add up the 
multiplication results of multipliers 1206 and 1207 and 
propagation path estimation values stored in registers 
1201 and 1202, per-subcarr ier factor selection section 
1203 that selects weighting factor Wk using the 

10 propagation path estimation values stored in registers 
1201 and 1202 as quality information. Furthermore, 
propagation path estimation value update circuit 1002 
also includes switches 1208 and 1209 to select registers 
1201, 1202 or adders 1204 and 1205 to which the output 

15 of multiplier 1001 is output. 

The operation of the OFDM communication apparatus 
in the above configuration will be explained. The 
propagation path estimation values (output of multiplier 
1001 ) are stored in registers 1201 and 1202 of propagation 

20 path estimation value update circuit 1002 . At this time, 
switches 1208 and 1209 of propagation path estimation 
value update circuit 1002 are set so that the output of 
multiplier 1001 is sent to registers 1201 and 1202. 

Difference values from subtractors 1005 and 1006 

25 are input to mult ipliers 1 2 0 6 and 1 2 0 7 . Multipliers 1206 
and 1207 multiply the difference values by weighting 
factor Wk . This weighting factor Wk is selected by 
per-subcarrier factor selection section 1203. 
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Weighting factor Wk is selected using the propagation 
path estimation values stored in registers 1201 and 1202 
as quality information. Thus, difference values are 
reduced by multiplying the difference values by weighting 
5 factor Wk , and therefore it is possible to prevent 
influences by large estimation errors. 

The difference values with weighting factor Wk 
multiplied are sent to adders 1204 and 1205 . Then, adder 
1204 adds up the I components of the difference values 

10 and the I components of the propagation path estimation 
values (output of multiplier 1001) and adder 1205 adds 
up the Q components of the difference values and the Q 
components of the propagation path estimation values 
(output of multiplier 1001 ) to produce a new propagation 

15 path estimation value. This new propagation path 

estimation value is sent to registers 1201 and 1202, 
updated and sent to multiplier 1003 of propagation path 
estimation/compensation circuit 104. 

This embodiment allows propagation path responses 

20 to be estimated without inserting pilot symbols between 
information OFDM symbols consecutively transmitted and 
changes weighting factors for every subcarrier, making 
it possible to obtain excellent reception characteristics 
without reducing the transmission efficiency. Moreover, 

25 even if there is a residual phase error, this embodiment 
only corrects the difference while compensating the 
residual phase error, and therefore can reduce 
deterioration of the estimation accuracy due to the 
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residual phase error. 

(Embodiment 7) 

The OFDM communication apparatus according to this 
embodiment includes propagation path estimation value 
update circuit 1002 that averages the outputs of the 
subtractors . 

Since the configuration of the OFDM communication 
apparatus according to this embodiment is the same as 
that of Embodiment 6 except the propagation path 
estimation value update circuit, the propagation path 
estimation value update circuit will be explained. 

FIG. 15 is a block diagram showing an internal 
configuration of the propagation path estimation value 
update circuit in the propagation path 
estimation/compensation circuit of the OFDM 
communication apparatus according to Embodiment 7 of the 
present invention. 

in propagation path estimation value update circuit 
1002 , the I component of the difference value of subtractor 
1005 is input to averaging section 1301 and the Q component 
of the difference value of subtractor 1006 is input to 
averaging section 1302 . Averaging sections 1301 and 1302 
perform averaging processing on difference values 
corresponding to n symbols. The I component of this 
averaged difference value is sent to multiplier 1206 and 
the Q component of this averaged difference value is sent 
to multiplier 1207. The process ing hereafter is the same 
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as that of Embodiment 6. Furthermore, in the case where 
the amplitude of a transmission signal contains 
information such as multi-value QAM, averaging sections 
1301 and 1302 can be configured so as not to include values 
of signal points having a small amplitude in averaging 
and thereby further reduce deterioration by additive 
noise . 

This embodiment can obtain a propagation path 
variation estimation value more reliably by averaging 
the outputs of the subtractors, thus obtaining excellent 
reception characteristics without reducing the 
transmission efficiency. Moreover, even if there is a 
residual phase error, this embodiment only corrects the 
difference while compensating the residual phase error, 
and therefore can reduce deterioration of the estimation 
accuracy due to the residual phase error. 

In this embodiment, it is also possible to enter 
a CRC (Cyclic Redundancy Check) result to per-subcarr ier 
factor selection section 1203 as external quality 
information as shown in FIG. 16. This is intended to set 
so that averaged blocks in which errors have been detected 
as a result of the CRC are not used as the difference 
value of the estimated propagation path variation. 

Thus, applying external quality information to 
selection of weighting factors makes it possible not only 
to obtain a propagation path variation estimation value 
more accurately but also to reduce estimation errors due 
to bit errors, thereby obtaining excellent reception 
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characteristics without reducing the transmission 
efficiency. Moreover, even if there is a residual phase 
error, this embodiment only corrects the difference while 
compensating the residual phase error, and therefore can 
reduce deterioration of the estimation accuracy due to 
the residual phase error. 

The present invention is not limited to Embodiments 
1 to 7 , but can be implemented with various modifications . 
For example, the present invention can be implemented 
by combining Embodiments 1 to 7 as appropriate. 

The OFDM communication apparatus of the present 
invention adopts a configuration including an estimation 
value calculation section that obtains a propagation path 
estimation value using a known signal of an OFDM signal 
containing the known signal, a propagation path 
distortion compensation section that compensates 
propagation path distortion for the information signal 
obtained from the OFDM signal using the propagation path 
estimation value and a hard decision section that decides 
transmission signal points using the information signal 
compensated for propagation path distortion, wherein the 
estimation value calculation section calculates a 
propagation path estimation value using the hard-decided 
signal instead of the known signal. 

This configuration calculates a propagation path 
estimation value using a hard-decided information signal 
instead of a known signal, making it possible to estimate 
propagation path responses without inserting pilot 
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symbols between information OFDM symbols consecutively 
transmitted even when long information is sent and obtain 
excellent reception characteristics without reducing the 
transmission efficiency. 
5 The OFDM communication apparatus adopts a 

configuration including an estimation value calculation 
section that obtains a propagation path estimation value 
using a known signal of an OFDM signal containing the 
known signal, a propagation path distortion compensation 

10 section that compensates propagation path distortion for 
the information signal obtained from the OFDM signal using 
the propagation path estimation value and a hard decision 
section that decides transmission signal points using 
the information signal compensated for propagation path 

15 distortion, wherein the estimation value calculation 
section calculates a propagation path estimation value 
using a difference between the hard-decided signal and 
the information signal compensated for propagation path 
distortion . 

20 This configuration can estimate propagation path 

responses without inserting pilot symbols between 
information OFDM symbols consecutively transmitted and 
obtain excellent reception characteristics without 
reducing the transmission efficiency . Moreover, even if 

25 there is a residual phase error, this embodiment only 
corrects the difference while compensating the residual 
phase error, and therefore can reduce deterioration of 
the estimation accuracy due to the residual phase error. 
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The OFDM communication apparatus in the above 
configuration has the propagation path estimation value 
calculation section that calculates a new propagation 
path estimation value using the propagation path 
estimation value obtained from the hard-decided current 
information signal and past information signal. 

The OFDM communication apparatus in the above 
configuration includes weighting means for assigning 
weights to the hard-decided current information signal 
and past information signal. 

These configurations obtain a new propagation path 
estimation value also using a past propagation path 
estimation value, and therefore can achieve high 
estimation accuracy by using this propagation path 
estimation value and carry out propagation path 
distortion compensation for information symbols more 
accurately . 

The OFDM communication apparatus in the above 
configuration has the weighting section that assigns 
weights based on external quality information. This 
configuration applies the external quality information 
to selection of weighting factors, and therefore can 
reduce estimation errors due to bit errors and drastically 
improve the estimation accuracy. 

The OFDM communication apparatus in the above 
configuration has the estimation value calculation 
section including an averaging section that averages 
information signals of a plurality of hard-decided 
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symbols . 

This configuration averages newly obtained 
propagation path estimation values corresponding to a 
plurality of symbols , and therefore can reduce estimation 
errors due to additive noise and achieve high estimation 
accuracy and carry out propagation path compensation for 
information symbols more accurately by using this 
propagation path estimation value. 

The communication apparatus of the present 
invention is characterized by comprising the OFDM 
communication apparatus in the above configuration. 
Furthermore, the base station apparatus of the present 
invention is characterized by comprising the OFDM 
communication apparatus in the above configuration. 

These configurations can implement a radio 
communication system capable of estimating propagation 
path responses without inserting pilot symbols between 
information OFDM symbols consecutively transmitted even 
when long information is sent and obtaining excellent 
reception characteristics without reducing the 
transmission efficiency. 

The propagation path estimation method of the 
present invention includes an estimation value 
calculating step of obtaining a propagation path 
estimation value using a known signal of an OFDM signal 
containing the known signal, a propagation path 
distortion compensating step of compensating propagation 
path distortion for the information signal obtained from 
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the OFDM signal using the propagation path estimation 
value and a hard decision step of deciding transmission 
signal points using the information signal compensated 
for propagation path distortion, wherein the estimation 
5 value calculating step calculates a propagation path 
estimation value using the hard-decided signal instead 
of the known signal. 

This method calculates a propagation path 
estimation value using a hard-decided information signal 

10 instead of a known signal, making it possible to estimate 
propagation path responses without inserting pilot 
symbols between information OFDM symbols consecutively 
transmitted even when long information is sent and obtain 
excellent reception characteristics without reducing the 

15 transmission efficiency. 

The propagation path estimation method of the 
present invention includes an estimation value 
calculating step of obtaining a propagation path 
estimation value using a known signal of an OFDM signal 

20 containing the known signal, a propagation path 

distortion compensating step of compensating propagation 
path distortion for the information signal obtained from 
the OFDM signal using the propagation path estimation 
value and a hard decision step of deciding transmission 

25 signal points using the information signal compensated 
for propagation path distortion, wherein the estimation 
value calculating step calculates a propagation path 
estimation value using a difference between the 
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hard-decided signal and the information signal 
compensated for propagation path distortion. 

This method can estimate propagation path responses 
without inserting pilot symbols between information OFDM 
5 symbols consecutively transmitted, and therefore obtain 
excellent reception characteristics without reducing the 
transmission efficiency. Moreover, even if there is a 
residual phase error, this embodiment only corrects the 
difference while compensating the residual phase error, 

10 and therefore can reduce deterioration of the estimation 
accuracy due to the residual phase error. 

As described above, the OFDM communication 
apparatus of the present invention adaptively estimates 
propagation path responses using a hard-decided signal, 

15 that is , using a decision value of the received information 
signal as a known signal, making it possible to maintain 
a low error rate by adaptively following time-variations 
of the transmission path even when long information is 
sent or when there is a great variation in propagation 

20 path responses. 

This application is based on the Japanese Patent 
Application No.HEI 11-245299 filed on August 31, 1999, 
entire content of which is expressly incorporated by 
25 reference herein. 

Industrial Applicability 

The present invention is applicable to a base station 
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apparatus or communication terminal apparatus in a 
digital radio communication system. 
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What is claimed is: 

1. An dFDM communication apparatus comprising: 

estimation value calculating means for calculating 
5 a propagation path estimation value using a known signal 
of an OFDM signal containing said known signal; 

propagation path distortion compensating means for 
compensating propagation path distortion for the 
information signal obtained from said OFDM signal using 
10 said propagation path estimation value; and 

hard decision means for deciding transmission 
signal points using the information signal compensated 
for propagation path distortion, wherein said estimation 
value calculating means calculates a propagation path 
15 estimation value using said hard-decided signal instead 
of said known signal. 

2. An OFDM communication apparatus comprising: 

estimation value calculating means for calculating 
20 a propagation path estimation value using a known signal 
of an OFDM signal containing said known signal; 

propagation path distortion compensating means for 
compensating propagation path distortion for the 
information signal obtained from said OFDM signal using 
25 said propagation path estimation value; and 

hard decision means for deciding transmission signal 
points using the information signal compensated for 
propagation path distortion, wherein said estimation 
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value calculating means calculates a propagation path 
estimation value using a difference between said 
hard-decided signal and the information signal 
compensated for propagation path distortion. 

3. The OFDM communication apparatus according to claim 
1, wherein said estimation value calculating means 
calculates a new propagation path estimation value using 
the propagation path estimation value obtained from the 
hard-decided current information signal and hard-decided 
past information signal. 

4. The OFDM communication apparatus according to claim 

3, further comprising weighting means for assigning 
weights to the hard-decided current information signal 
and past information signal. 

5. The OFDM communication apparatus according to claim 

4, wherein said weighting means assigns weights based 
on external quality information. 

6. The OFDM communication apparatus according to claim 
1, wherein said estimation value calculating means 
comprises averaging means for averaging information 
signals of a plurality of hard-decided symbols. 

7 . A communication terminal apparatus equipped with an 
OFDM communication apparatus, said OFDM communication 
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apparatus comprising: 

estimation value calculating means for calculating 
a propagation path estimation value using a known signal 
of an OFDM signal containing said known signal; 

propagation path distortion compensating means for 
compensating propagation path distortion for the 
information signal obtained from said OFDM signal using 
said propagation path estimation value; and 

hard decision means for deciding transmission 
signal points using the information signal compensated 
for propagation path distortion, wherein said estimation 
value calculating means calculates a propagation path 
estimation value using said hard-decided signal instead 
of said known signal. 

8. A base station apparatus eguipped with an OFDM 
communication apparatus, said OFDM communication 
apparatus comprising: 

estimation value calculating means for calculating 
a propagation path estimation value using a known signal 
of an OFDM signal containing said known signal; 

propagation path distortion compensating means for 
compensating propagation path distortion for the 
information signal obtained from said OFDM signal using 
said propagation path estimation value; and 

hard decision means for deciding transmission 
signal points using the information signal compensated 
for propagation path distortion, wherein said estimation 
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value calculating means calculates a propagation path 
estimation value using said hard-decided signal instead 
of said known signal. 

9. A propagation path estimation method comprising: 

an estimation value calculating step of calculating 
a propagation path estimation value using a known signal 
of an OFDM signal containing said known signal; 

a propagation path distortion compensating step of 
compensating propagation path distortion for the 
information signal obtained from said OFDM signal using 
said propagation path estimation value; and 

a hard decision step of deciding transmission signal 
points using the information signal compensated for 
propagation path distortion, wherein said estimation 
value calculating step calculates a propagation path 
estimation value using said hard-decided signal instead 
of said known signal. 

10. A propagation path estimation method comprising: 

an estimation value calculating step of calculating 
a propagation path estimation value using a known signal 
of an OFDM signal containing said known signal; 

a propagation path distortion compensating step of 
compensating propagation path distortion for the 
information signal obtained from said OFDM signal using 
said propagation path estimation value; and 
a hard decision step of deciding transmission signal 
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points using the information signal compensated for 
propagation path distortion, wherein said estimation 
value calculating step calculates a propagation path 
estimation value using a difference between said 
hard-decided signal and the information signal 
compensated for propagation path distortion. 



,1, W 7-5; OS IE? O El 



46 

ABSTRACT 

The baseband signal obtained from the reception 
signal is compensated for propagation path distortion 
5 using a propagation path estimation value obtained by 
propagation path estimation/compensation circuit 104. 
The information bit string compensated for propagation 
path distortion is periodically sent to hard-decision 
circuit 107 and subjected there to hard-decision 

10 processing. These information symbols subjected to a 
hard decision are sent to propagation path 
estimation/compensation circuit 104 where using these 
hard decision information symbols as known signals, a 
propagation path estimation is performed by carrying out 

15 a complex multiplication of the information symbols 

subjected to a hard decision with FFT-calculated signals 
and thereby a propagation path estimation value is 
obtained. This propagation path estimation value is 
updated to a first propagation path estimation value. 
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K , APPLICATION FOR UNITED STA: 

^ '* Declaration for Patent AppHcatioh 

As a below named inventor, I hereby declare that: 

Tvly residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is claimed and for which a patent is sought on 

the invention entitled: Of t?M lortM I ^Afior-J APPA AH (7 FfiOPAbATlQH PATH t4XiMAT\oU MtW ep 

2 (file no ) 



the specification of which 
(check at least one) 



3[x] 
4[ ] 
6{ ] 



is attached hereto 

was filed on 

and was amended _ 



as (5) U.S. Application Serial No._ 



(if applicable) 



Use this 
portion 
only if you 

the U.S. 8 
National 
phase based 
on a PCT 

Application 
designating 
the U.S. 



7 [ x ] was filed as PCT international application 

8 Number PCT/JP00/05599 



on August 22. 2000 



and was amended under PCT Article(s) 19 and/or 34 



(if applicable). 



priority date claimed in PCT International Application 

JAPAN HI 1-245299 31/August/1999 

(Country) (Number) 



(Day/Month/Year Filed) 



(Country) 



(Country) 



(Number) 



(Day/Month/Year Filed) 



(Day/Month/Year Filed) 



I hereby declare that I have reviewed and understand the contents of the above-identified specification, including the claims ; 
by any amendment referred to above. 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information known U 
patentability in accordance with Title 37, Code of Federal Regulations, §1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign application (s) for patent or inventor's 
certificate listed below and have also identified below any foreign application(s) for patent or inventor's certificate or any PCT international 
application(s) designating at least one country other than the United States of America filed by me on the same subject matter having a filing da 
earlier than that of the application(s) on which priority is claimed. 



e which is material to 



Prior (Foreign) Applications) any Priority Claims Under 35 U.S.C. 119 



(Country) 



(Country) 



(Number) 



(Day/Month/Year Filed) 



Priority Claimed 
[ ] 



(Number) 



[ ] 

Yes 
[ J 

Yes 



(Day/Month/Year Filed) 

Priority Claim(s) from U.S. Provisional Application(s) - I hereby claim the benefit under Title 35, United States Code, §119(e) of any 
United States provisional application(s) listed below: 



Day/Month/Year Filed 



Application No. 



Day/Month/Year Filed 




I hereby claim the benefit under Title 35, United States Code, 120 of any United States application(s) or 
PCT international application(s) designating the United States of America that is/are listed below and, insofar as 
the subject matter of each of the claims of this application is not disclosed in that/those prior application(s) in the 
manner provided by the first paragraph of Title 35, United States Code §112, 1 acknowledge the duty to disclose 
to the United States Patent and Trademark Office all information known to me to be material to patentability as 
defined in Title 37, Code of Federal Regulations, §1.56 which became available between filing date of the prior 
application and the national or PCT international filing date of this application. 



(U.S. Application Number) 



(U.S. Filing Date) 



Status (patented, pending, abandoned) 



I hereby appoint the following attorneys of the firm of Stevens, Davis, Miller & Mosher, L.L.P. as my attorneys of record with full 
power of substitution and revocation to prosecute this application and to transact all business in the Patent and Trademark Office- 
^ / James E. Ledbetter, Reg. No. 28732; T homas P. Pavelko, Reg. No. 3i6_£2^and Anthony P. Venturino, Reg No 31674 

P/ ALL CORRESPONDENCE IN~CONNECTION WITH THIS APPLICATION SHOULD BE SENT TO 1 

/ L ^gJEyjNS, DAVIS , MIL L m&MOSH E R ? L.L.P., 1615_LjStna* L NW., Suite 850, Washingt on, D.C. 20036, 
/ ^-TELEPHONE (202) 408-5100, FACSIMILE (202) 408-52007 ~ 

See page 2 for signature lines 

°1998 Stevens, Davis, Miller & Mosher, LLP. , h 
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ine 1 Insert the same title as is used on the specification and in the assignment. 

ine 2 h> optional but is provided so that you can use it to identify more readily an application prior to the time that the Patent Office application serial number is 

issigned. We suggest that the specification, drawings and declaration always bear a file number since it can help to get the papers together in case they become inadvertently 
separated. In instances where the specification is filed without a signed declaration form (under 37 CFR §1.53) a file number on a later-received separate form will assist us 
n associating 1 it with the correct case. 

ine 3 Check this box if the specification, claims and drawing (if any) are attached to this declaration form, e.g., when filing a new patent application. 



lines 4-5 Are only used in an instance where the application is already on file and the declaration from is being separately filed, e.g.,when.the application was 

originally filed without a signed declaration or where the Patent Office has required a new declaration because of a deficiency in the original declaration. In such an 
instance the Patent Office will require that lines 4 and 5 be completed with the filing date and application serial number already assigned. 

line 6 Is used in conjunction with line 5 but only when there have been one or more amendments to the specification or claims. Line 6 is also used when the 

Examiner requires a new declaration because claims inserted by amendment cover subject matter not originally claimed (37 CFR §1.67). 

lines 7-11 Are for PCT (Patent Cooperation Treaty) cases and are used only when you are entering the U.S. National phase (Chapter I or II) based upon a previously 

filed PCT International application designating the U.S. 

line 7 Check this box if this is a PCT National Phase application. 

line 8 Insert PCT International application number. 

line 9 Insert date of filing of PCT International application. 

lines 10-11 Insert the date of all amendments filed in the PCT International application. Such amendments are optional, so this line at times will not be used. 

line 12a Is used in the following instances: 

(i) If a single priority is being claimed from a foreign application you need to list only the first-filed application; you do not need to list other countries if all 
applications were filed within one year of the U.S. filing. 

(ii) If multiple priorities are being claimed, from a plurality of applications filed in one or more countries, you must list the first filed application for each aspect 
of the invention. Example: if aspect A of the invention was disclosed in an application filed 11 months earlier in country X and aspect B was disclosed 9 months 
earlier in an application filed in country Y, then the applications in both countries X and Y must be identified. Only the first application for each aspect of the 
invention needs to be identified provided all applications on that aspect were filed within one year prior to the U.S. filing. 

(iii) If a non-priority application is being filed you must list aU applications in all countries where corresponding foreign applications were filed more than one 
year prior to the U.S. filing. This is so the Examiner can check to see if any of those applications were published or patented early enough to be prior art against the 
U.S. application. 

(iv) If there are more than two applications to be listed we suggest that you type in on this form only "See attached Schedule A" and then list all of the previous 
applications on an attached sheet. 

line 12b Is used to claim priority under 35 USC §11 9(e) based on a provisional application filed within one year of the filing of the instant application. More than 

one provisional application may be identified provided neither was filed more than one year earlier. 



line 13 This block is used only in instances where there is a previously filed U.S. non-provisional application which was copending at the time the present application 

was (or is being) filed, that previous application could be a U.S. non-provisional application or the National Phase of a PCT allocation. In such a case the present 
application may be entitled to the priority of the previous application's U.S. filing date (and consequently the foreign priority thereof) provided the present application is 
identified as a continuing application (continuation, divisional or continuation-in-part) of the earlier (parent) application. If the foregoing is applicable, please fill in one line 
for each such prior application. 

line 14 Type the inventor's proper legal name in the order specified, e.g., "John B. JONES" or "J. Bob JONES" if the inventor so prefers. It is not acceptable to use 

only initials such as "J. B JONES." 

line 15 The inventor's "signature" may be his (or her) usual manner of signing but it is preferable that the inventor simply write his (or her) name in his (or her) own 

cursive handwriting in the same order as on line 14, e.g., given name, middle initial and Family name. 

line 16 Insert the actual date of signature. 

line 17 Insert simply the city and state or country, e.g., "Paris, France", of the inventor's residence , not citizenship. No street address or postal code is required on 



line 1 8 Insert the inventor's citizenship. The statement of citizenship (or subject of) is a statutory requirement (35 USC § 1 1 5). Simply the name of the country of 

citizenship, e.g., "Japan" is sufficient. 

line 19 Insert the inventor's mailing address. The purpose of requiring the post office address is to enable the Patent Office to communicate directly with the 

inventor if desired, such as in the case of death of the U.S. attorney. It should be the address where the inventor customarily receives his (or her) mail and should include 
the postal code. If applicable it can be the inventor's business address or address at place of employment. 

Applicants are reminded that the U.S. Patent and Trademark Office has very strict requirements as to proper execution of an application. The applicant should 
make sure that he reviews the declaration, prior to signing to make sure the declaration properly identifies the application and all relevant information; and should review the 
specification and claims (including drawings, if any) before signing the declaration. Failure to do so will require the filing of a supplemental declaration — 37 CFR §1. 67(c). 

Any handwritten changes to the specification, claims or drawings must be in ink personally by all of the inventors prior to signing the declaration and the adjacent 
left margin must be initialed and dated by all of the inventors, e.g., "JBJ 6-9-91". 

Please let us know if there are any questions regarding proper completion of this form. Thank you. 

An assignment, a separate document requiring separate signature and dating may be enclosed. Please look for it and sign and date it in the same manner as in 
lines 15 and 16 above. 
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I here'uy declaYe tTRfi all statements made herein of my own knowledge are true and that all statemen«'rrfkdb^Mn^rrHatio1n'an'd belief ai*"Be1h ; e\$d to'W*rueVand further that 
ttys.e statements were made with the knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Code, and that such willful statements may jeopardize the validity of the application or any patent issuing thereon. 
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16a 
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Typewritten Full Name 



Inventor's Signature 
Date of Signature 

Residence 

Citizenship 
Post Office Address 
(Insert complete mailing 
address, including country) 
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Yokosuka-shi 



JAPAN 



-TP 



Day 
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State or Province 
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Given Name 


Middle Name 


IMAMURA 
Family Name 








January 







Country 



6-9.-401 ; Hikari no Oka, Vokomika-shi, Kanagawa 7^Q-OR47 Tapan 



15b 
16b 



18b 
19b 



Typewritten Full Name 
of Sole or First Inventor 



Inventor's Signature 
Date of Signature 

Residence 

Citizenship 
Post Office Address 
(Insert complete mailing 
address, including country) 





Given Name 


Middle Name 


Family Name 












Month 


Day 


Year 


City 




State or Province 


Country 



18c 
19c 



Typewritten Full Name 
of Sole or First Inventor 



Inventor's Signature 
Date of Signature 

Residence 

Citizenship 
Post Office Address 
(Insert complete mailing 
address, including country) 





Given Name 


Middle Name 


Family Name 












Month 


Day 


Year 


City 




State or Province 


Country 



Typewritten Full Name 
of Sole or First Inventor 



15d Inventor's Signature 
16d Date of Signature 

17d Residence 

18d Citizenship 

19d Post Office Address 

(Insert complete mailing 
address, including country) 



♦Note lo Inventor: Please sign name on line 15 exactly as it 

copy of this page for identification and signatures for the additional inventors. 
° 1998 STEVENS, DAVIS, MILLER & MOSHER, L.L.P. 
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